Abstract: To determine which parameters are useful for the risk assessment of man-made mineral fibers (MMMFs), we examined the gene expression of interleukin-la (IL-1a), tumor necrosis factor a (TNFa), interleukin-6 (IL-6) and inducible nitric-oxide synthase (iNOS) in mineral fiber-exposed alveolar macrophages (AMs). Male Wistar rats were intratracheally exposed to saline or mineral fibers suspended in saline (2 mg of crocidolite, chrysotile, alumina silicate refractory fiber (RF1) or potassium octatitanate whisker (TW)). Bronchoalveolar lavage was performed 4 weeks after the fiber-instillation, and the recovered AMs were stimulated by lipopolysaccharide for 2 or 6 hours. Expression of IL-la, TNFa, IL-6 and iNOS from AMs was observed using reverse transcriptionpolymerase chain reaction (RT-PCR). The levels of IL-1a and IL-6 mRNA induced by mineral fiber exposure were greatest in AMs exposed to TW, crocidolite, chrysotile and RF1 in that order. However, both gene expression of iNOS and TNFu were not elevated in both crocidolite and TW exposure, despite their high pathological potential. These data suggested that IL-1a and IL-6 may be useful indicators for the risk assessment of MMMFs.
Introduction
Occupational and environmental exposure to asbestos causes pulmonary fibrosis, bronchogenic carcinoma and pleural mesothelioma'~. Recently, various types of manmade mineral fibers (MMMFs) have been developed as substitutes for asbestos, and the demand for these products is increasing. Some of these fibers may possess the same adverse biological effects as asbestos because of their similar physiochemical properties2~.
*To whom correspondence should be addressed. Figure 1 shows lung remodeling induced by mineral fibers. Mineral fibers deposited in the lung are phagocytosed by alveolar macrophages (AMs). AMs and parenchymal cells release tumor necrosis factor a (TNFa), interleukin-la (IL-1 a), interleukin-6 (IL-6), and other chemokines which augment the process of inflammation. Then, these inflammatory cells release oxidants including nitric oxide, which may cause lung injury through inducible nitric oxide synthase (iNOS). Some growth factors signal fibroblasts to proliferate and modulate their production of connective tissue proteins, especially collagen3' 4). The accumulation of inflammatory cells and fibroblasts, and the development of connective tissue matrices leads to pulmonary fibrosis and carcinoma4~.
We previously reported the gene expression of proinflammatory cytokines, growth factors, manganese superoxide dismutase (MnSOD) and inducible nitric oxide synthase (iNOS) in rats exposed to asbestos and some MMMFs. In that study, mineral fiber-exposure increased the gene expression of IL-la, TNFa, IL-6 and iNOS in rats AMs3~.
To investigate which factors correspond to pathological potentials of mineral fibers, we examined the gene expression of IL-1 a, TNFa, IL-6 and iNOS mRNA in rat AMs following exposure to four mineral fibers using reverse transcription -polymerase chain reaction (RT PCR) .
Materials and Methods

Fiber preparation
The mineral fibers used in this study were: UICC crocidolite asbestos (crocidolite), UICC chrysotile B asbestos (chrysotile), potassium octatitanate whisker (TW) and alumina silicate refractory fibers (RF1). RF1 was distributed by Japan Fibrous Material Research Association as their standard fibrous materials5~. The dimensions of the mineral fibers were measured using transmission electronic microscopy or . scanning electronic microscopy ( Table 1 )2, 5,6)
Intratracheal instillation
Male Wistar rats (10 weeks old) were used in this study, and each group of 5 rats was intratracheally instilled with saline or mineral fibers suspended in saline (2 mg of crocidolite, chrysotile, TW, or RF1), and was housed in clean performed, and the recovered cells were plated on tissue culture plates. They were allowed to attach for 1 hour at 37°C with RPMI-1640 medium containing 10% fetal bovine serum'. Adherent AMs were adjusted to a final concentration of 1 x 105/ml and were stimulated with 10 jig/ml of lipopolysaccharide (LPS) (Escherichia coli, Sigma, St. Louis, Mo.). The AMs were cultured for 2 or 6 hours on cell culture plates at 37°C in a CO2 incubator. Then, mRNA in the AMs was extracted using a Quick PrepR kit (Pharmacia Biotech, Uppsala, Sweden). The gene expression of IL-la, TNFa and iNOS in AMs stimulated with LPS for 2 hours and IL-6 in them for 6 hours was assessed using RT PCR.
cDNA synthesis, PCR and its quantification RNA was used for the synthesis of single-strand cDNA using Moloney murine leukemia virus-derived reverse transcriptase (Perkin Elmer, Norwalk, Connecticut). An equal amount of cDNA from each sample was amplified by specific primers for rat IL-1a, TNFa, IL-6 and iNOS. The amplification was performed using a thermocycler (Astech, Japan) under the following conditions: denaturation at 94°C for 45 sec, annealing at 60°C for 45 sec, and extension at 72°C for 2 min. f3-actin was co-amplified as an internal standard to quantify PCR amplification of mRNA. The number of thermo-cycles used was selected to allow quantification without saturation8~. 
Results
Gene expression of IL-1 a mRNA Fig. 2 shows the gene expression of IL-la mRNA in AMs induced by mineral fibers3~. Exposure to each mineral fiber increased in the gene expression of IL-la. The message levels of IL-la following mineral fibers-exposure was greatest in AMs exposed to TW or crocidolite, followed by those exposed to chrysotile and RF1. Gene expression of IL-6 mRNA The result of the gene expression of IL-6 mRNA was similar to that of IL-la (Fig. 3) . Exposure to TW and crocidolite elevated the expression of IL-6, however exposure to chrysotile and RF1 did not.
Gene expression of TNFa mRNA Compared to the saline group, the level of TNFa mRNA was significantly increased in animals exposed to TW, and was not increased in animals exposed to crocidolite, chrysotile or RF1 (Fig. 4) .
Gene expression of iNOS mRNA
Transcripts for iNOS were increased in rats exposed to crocidolite (Fig. 5) ; however, other mineral fibers did not change the iNOS mRNA level.
Discussion
The recovery time was set 4 weeks after tracheal instillation of mineral fibers. Other reports of inhalation studies have shown that nonspecific responses at the acute phase were seen after the intratracheal instillation9' 10), and that saline injection by BAL caused a neutrophil recruitment in the lower respiratory tract 72 hours later. We previously reported that the intratracheal injection of saline as well as of chrysotile elevated the gene expression of TNFa mRNA in AMs at 3 days and 1 week after intratracheal instillation, and that this saline-induced response was not observed 4 weeks after exposure2~. To avoid the initial influence of acute response, we set the recovery time for four weeks in this experiment.
In this experiment, the expression of IL-1 a mRNA induced by mineral fiber-exposure was greatest in TW, crocidolite, chrysotile and RF1-instilled rat AMs, in that order. Since inhalation of crocidolite causes fibrosis and carcinoma in the lung, crocidolite is known to be representative of mineral fibers which possess a high pathologic potential'. It has been reported that TW produces marked pulmonary fibrosis in rats with long-term inhalation'.
We also reported that both TW and crocidolite stimulated the production of TNF in AMs in vitro2~ and induced pulmonary fibrosis in rats in a long term inhalation study12~. These results suggest that TW might have a high toxic potential, similar to crocidolite.
Although chrysotile has also been shown to be capable of inducing lung cancer, fibrosis and mesothelioma, it is one of the least toxic asbestos fibers13~. In this experiment, chrysotile did not increase in the gene expression of cytokines except IL-la. Some investigators have shown that inhalation of ceramic fibers causes pulmonary fibrosis and carcinoma in animal studies'2,'a,15), but there are others which show that ceramic fibers do not induce these changes. We previously reported that long-term inhalation of rats to RF1 did not cause any pathological changes10~, and that RF1 has a weak cytotoxicity in vitro2~. Therefore, the refractory fibers (RF1) used in this experiment may not have a high toxicity. Taken together, these data showed that TW and crocidolite with a high toxic potential increased in gene expression of IL-la, suggesting that IL-la levels are in accord with the pathologic potential of mineral fibers. This study shows that IL-6 levels follow a trend similar to IL-la levels. Recent papers have shown that IL-6 levels were increased in the bronchoalveolar lavage fluid (BALF) of patients with idiopathic pulmonary disease, as well as in patients with pneumoconiosis 16). IL-6 is thought to be one of the key cytokines in the process of pulmonary fibrosis, and IL-1 works together with IL-6.
Compared to these other cytokines, message levels of TNFa were not elevated by crocidolite. In our previous report3~ the levels of TNFa mRNA corresponded to the number of neutrophils in the BALF during the nonspecific acute phase response. Therefore, TNF may contribute to more acute phase of lung injury. In this experiment, exposure to TW did not elevate levels of iNOS mRNA in AMs. Oxidants released by inflammatory cells are thought to play a key role in lung injury of pulmonary fibrosis16~. Crocidolite is known to cause lung injury through free radical formation including nitric oxide radical (NO) and peroxynitrite anion (ONOO-)'7. iNOS may not be involved in the lung injury induced by TW even though reactive species of free radicals are present. 
